Ionospheric ion upwelling in the vicinity of the dayside cleft has been studied, based primarily on data from the Dynamics Explorer ! spacecraft. Using retarding ion mass spectrometer low-energy ion data and plasma wave instrument dc electric field data, bulk ion plasma parameters, including ion species density and fieldaligned bulk velocity and flux, have been derived at points within a number of observed upwelling ion events for the ion species H +, He +, O +, and O + +. The ion species bulk parameters near the source latitude are examined and compared. We find that the upwelling plasma is rich in O +, which typically comprises ---90% of the particle density, followed by H + at somewhat less than 10%, and then He + and O + +, each comprising ----i% of the upwelling ion particle density. The purpose of the present study is to more broadly investigate the bulk properties of UWIs, using RIMS and plasma wave instrument (PWI) quasi-static electric field data. The results of the study yield quantification of the densities and the upward field-aligned velocities and fluxes, for the ion species H +, He +, O +, and O + +, associated with these flows. These parameters, as measured near the lower-latitude edge of the events, where the flows are most intense, will be presented. All of the available altitude normalized ion flux measurements from within the upwelling ion events are combined with the statistical occurrence probabilities derived by Lockwood et al. [1985] to produce spatial source strength distributions. Integration over these distributions yields an improved measure of the total low-energy ion outflow rate from this source region.
. In fact, it has recently been argued [Chappell eta!., 1987 ] that ionospheric plasma may fully populate the magnetosphere, with no significant solar wind source being required to account for observed magnetospheric charged particle Populations. Recognition of the importance of the ionosphere as a source of magnetospheric plasma began with observations of heavy ions, previously believed to be gravitationally bound to low geocentric altitudes, at magnetospheric altitudes. As such observations continued to be reported, in diverse magnetospheric regions such as the ring current [Johnson eta!., 1977] , the plasma sheet [Peterson eta!., 1981] , and the plasma sheet boundary layer and tail lobes [Eastman eta!., 1984] , it became apparent that escaping plasma transport from very low altitudes must be quite common. At the beginning of the 1980s, however, the questions of transport mechanisms and specific source regions were only beginning to be observationally addressed.
Observations of outflowing ionospheric ions have been reported by a number of authors in the last decade. Outflowing ion distributions which have apparently evolved, beginning with transverse (to B) acceleration and followed by magnetic mirror folding, have been observed near i Re [Sharp eta!., 1977] in the topside ionosphere [K!umpar, 1979] and at sounding rocket alti-The observations presented in this report were gathered using instruments flown aboard the Dynamics Explorer I (DE 1) spacecraft. DE I was launched on August 3, 1981, into a highly elliptical polar orbit with apogee and perigee altitudes at 23,300 km (4.66 Re, geocentric) and 570 km, respectively. The orientation of the orbit plane is fixed in the geocentric equatorial inertial (GEl) frame of reference, so that in the geocentric solar ecliptic (GSE) frame of reference, it is seen to rotate westward at a rate of 0.98ø/day. This provides for approximately one full 360 ø rotation of the orbit plane in geocentric local time per year. Further, the DE I line of orbital apsides rotates about the negative orbit plane normal at a rate of 120ø/year, so that the geographic latitudes of apogee and perigee drift retrograde at that rate. The spacecraft orbit, then, very nearly repeats itself, in the Earth' s frame of reference, once every 3 years. These aspects of the spacecraft orbit influence our ability to study UWls, not only because the source region has a limited geocentric solid angular extent, but also because the flowing plasma seems to evolve substantially with altitude. Therefore, the plasma characteristics which give rise to the distinctive RIMS UWI signature appear to exist only in a small region of space sampled by the spacecraft for several months once every 3 years. Furthermore, the orbit forces a phase-locked altitude-local time sampling which may bias the occurrence statistics of the local time extent of the upwelling ion source region. Other aspects of the DE mission have been described elsewhere [Hoffinann and Schmerling, 1981 ] .
Retarding Ion Mass Spectrometer

Quasi-Static Electric Fields
Quasi-static electric field data presented in this report and used in deriving ion bulk parameters were obtained using the Z axis antenna of the plasma wave and quasi-static electric field instruments [Shawltan et al., 1981] . This tubular, 9-m (tip to tip) antenna is sensitive to the electric field component perpendicular to the spacecraft spin plane. The geomagnetic field is nearly (within 5 ø in 95% of our cases and always within 12 ø for our data set) contained within the DE I spin plane, so that the Z component electric field is associated with convective plasma drifts which are approximately within the spin plane and perpendicular to the ambient geomagnetic field. This electric field component is provided at a rate of 16 samples s -• over a nominal range of 0.5 mV m -• to 2 V m -• . Characteristics of this instrument which are pertinent to the analysis techniques employed in this study will be described below. Figure 2 , beginning near 2320 UT and continuing until just past 232'7 UT. The rampcentered nearly perpendicular to that field, and the field of view of like upward flux intensification, followed by a sharp cutoff and the radial head sweeps through a nearly full range of pitch angles with the spacecraft spin. All three sensor heads were designed to discriminate among incoming positive ions on the basis of energy per charge (0-50 eV/q), using a retarding potential analyzer (RPA), and on the basis of mass per charge (1-32 amu/q), using a magnetic mass spectrometer. Further, each sensor utilizes two detectors that are sensitive to ions with mass ratios of 4 to I such that, for example, while one detector is viewing O+, the other is viewing He +. The RPA on the radial head failed in !ate 1981, with return to ram-dominated flow into the instrument at the lowlatitude edge of the event, typifies the signature of these events used by Lockwood et 
Derivation of Ion Bulk Parameters
Due to the failure of the RIMS radial head RPA, ion energy spectra are not available in the spin plane data. This situation has led to the development of an alternative technique for deriving ion bulk parameters from the RIMS radial heat data. This geometrical technique, developed by Chandler and Chappell [1986] , provides a measure of the field-aligned ion bulk velocity and field-aligned ion flux of all ions of a given species which fall within the energy passband of the magnetic mass spectrometer. Derivation of the field-aligned bulk velocity depends upon the presumption that there are three distinct contributors to the species bulk velocity in the spacecraft spin plane and frame of reference (see Figure 1) 
where Iv•pa,• planel is determined using equation (2), having deter-mined v• using measured fields as in equation (1), the ram components using orbit and attitude data in conjunction with magnetic field data, and vii using equation (4) as described above. Our estimate for the species particle density is actually a lower bound, which disregards the possible presence of ions at energies lower than any positive spacecraft potential. This technique has been applied to data obtained in and near the 39 upwelling ion event intervals included in this study. We have used l-min data averages throughout in analyzing the PWI electric field and the RIMS ion data.
Error Analysis
The above analysis involves two potential sources of error. First, for angles (or) near 'rr or 0, corresponding to highly fieldaligned or anti-field-aligned flows, the analysis produces values of vii which are unrealistically large and positive or negative, respectively, for any nonzero difference (V,-y-IVExBI). We have discarded results which yield a total velocity so large that the corresponding ion kinetic energy per charge would be too large to be passed by the magnetic mass spectrometer. The accuracy with which we can determine ot is on the order of "-2 ø , so that the analysis of flows which are in actuality within -•2 ø of being field-aligned would be expected to produce values of vii whose magnitudes are arbitrarily large. We have propagated an uncertainty of "-2 ø in ot through the analysis. Figure 2b show not only the steady offset induced by spacecraft motion across the magnetic field, but aiso a distinct modulation induced by nonstationary spacecraft sheath structure. Recall that since the electric Z antenna is aligned with the spacecraft spin axis, spin modulation in this signal is not expected in the presence of spacecraft sheath structure unless the structure changes with spin phase. Note the large-amplitude, unresolved excursions in the electric field signature near 2327 UT. The long wire electric antenna on DE I shows a similar signature, which is quite common near the UWI source region. The possible role of these large-amplitude and highly structured electric fields in producing the upwelling ion flows will be addressed in a future publication. The final electric field data product, which is used in computing the ion bulk parameters, is shown in Figure 2c , where values of AE z as given in equation (8) The ramplike upwelling ion signatures observed as the spacecraft passes from high latitudes through the dayside auroral zone, followed by sharp cutoffs at the low-latitude edge, are common features of UWI signatures. These features are interpreted in terms of a convective effect, whereby the source of the ion upwelling exists in a localized zone near the low-latitude edge of the event and ions are convected to higher latitudes, dispersing them poleward of the source. From this point of view, the region where the upward flux maximizes, near the low-latitude edge of the event, may be considered to be most closely associated with the source region. The ions observed in this region are characterized by the shortest flight paths from source to observer and, as we note, are those with the largest upward field-aligned velocities, slower particles having been convected further poleward by the time they reach the spacecraft altitude. We have therefore taken the ion bulk parameters measured at this location to be indicative of the intensity of a given event, with the proviso that there is a bias toward larger field-aligned velocities.
Having selected the analyzed data for 39 events, we have isolated the ion bulk parameters at the time in each event when the maximum flux was observed. There does not, however, appear to exist a strong relationship between either the occurrence probability or intensity of upwelling ions and the averaged value of the IMF B z during the hour immediately preceding the observation of ion upwelling in the RIMS data. In Figure 9 , we study the occurrence of values of B z as observed, both in conjunction with an UWI observation and regardless of UWI observation. All three panels in Figure 9 feature an abscissa which is composed of B z values binned in I 3t bins, from -6 3t to +6 3t, with the leftmost bin including all observations of B z less than -6 3t and the rightmost bin those with B z greater than or equal to +6 3t. There were a total of 70 observed UWI events for which the IMF data were available during both the present and previous hours, allowing the weighted average described in the previous paragraph to be performed. The value plotted along the ordinate of Figure 9a 
